INTRODUCTION
Beta thalassemia is an inherited disorder characterized by the reduction or absence of β-globin gene expression. It has a high frequency in the Indian subcontinent, and is more common in West Bengal (a state of eastern India) than in other states of India. Various beta mutations have been identified in heterogeneous Indian populations. West Bengal also has a strongly heterogeneous population. The common mutations observed while screening β-thalassemia in different Bengali populations were IVS 1-5 (G > C), codon 26 (G > A), codon 15 (G > A), codon 30(G > C), codon 41/42 (-CTTT), and codon 8/9 (+G). These are also the most common mutations in India. The mutation in codon 119 (GGC > GAC), which replaces the amino acid glycine with aspartic acid, is a very rare mutation. The hemoglobin formed by α 2 β 2 119(Gly >Asp) is known as Fannin-Lubbock-I, and was reported simultaneously in 1976 by Moo-Penn et al. [1] and Schneider et al. [2] in two independent Mexican-American families. In 1994, Qin et al. [3] reported another variant of hemoglobin, Fannin-Lubbock-II, with two co-existing mutations in the β-globin gene, one at codon 119 (GGC > GAC) and another at codon 111 (GTC > CTC), which result in the replacement of valine by leucine. It was present in five Spanish families. The mutation in codon 119 is at the α 1 β 1 contact and results in heat instability and a normal affinity for oxygen [2] . In this study, we described the identification of the mutation in codon 119 in a heterozygous state in three female members of a Bengalee Brahmin family. This is the first report of this mutation from the Indian subcontinent.
MATERIALS AND METHODS
The proband was a 28-year-old female belonging to a Bengalee Hindu Barendra Brahmin family. She was suffering from various postnatal complications. We obtained written consent, and collected 3 ml of peripheral blood in Na-EDTA vacutainer. Later, the entire family of sixteen (three of them deceased) was included in the study. A complete blood count (CBC) of the samples was performed using Sysmex KX-21. Then high performance liquid chromatography (HPLC) was conducted with a Variant Hemoglobin Testing system using the β-thalassemia short program as described by Bio-Rad Laboratories. An increase in the P 3 value and retention time in the chromatographic data indicated the presence of a new variant of hemoglobin Fannin-Lubbock. To confirm the mutation in the β-globin gene, genomic DNA was isolated from Na-EDTA-treated peripheral blood following the standard technique of Miller et al. [4] . The mutation in the β-globin gene at codon 119 was analyzed using the PCR-based technique of amplification refractory mutation system (ARMS) with allele-specific primers. Along with the common reverse primer 5'-TTA GGG AAC AAA GGA ACC TTT AAT AGA-3', the codon 119 (M) primer 5'-CTG TGT GCT GGC CCA TCA CTT TGA-3' and the codon 119 (N) primer 5'-CTG TGT GCT GGC CCA TCA CTT TGG-3' were respectively used to generate the 159-bp specific fragment for the mutant and normal genes. Each PCR mixture of 25 µl contained 250 ng of genomic DNA, 1 × PCR buffer (10 mM Tris-HCl at pH 8.3, 1.5mM MgCl 2 and 50 mM KCl), 200 µM of each dNTP, and 1.5 U Taq DNA polymerase (Merck GeNei). The concentration of primers used was 1 µM. Each PCR program consisted of an initial denaturation for 5 min at 94ºC, followed by 30 cycles of 94ºC for 1 min, 62ºC for 1 min, and 72ºC for 1 min, and a final extension step of 7 min at 72ºC. Ten µl of PCR product, along with 2 µl of loading dye, was subjected to 3% agarose gel electrophoresis and visualized after staining with ethidium bromide, in a Gel Documentation system (Bio-Rad Laboratories). The Fannin-Lubbock-I sequencing primer 5'-CTA ATC ATG TTC ATA CCT CTT ATC T-3', along with the previously mentioned common reverse primer, was used for direct DNA sequencing following the technique of Chakraborty et al. [5] . Mutations were confirmed only when detected in both forward and reverse sequences. The sequence was compared with the sequence of the Human Genome Mutation Database (HGMD) and the National Centre for Biotechnology Information (NCBI). Haplotype analysis was performed using restriction fragment length polymorphism-PCR (RFLP-PCR) following the standard protocol described in our previous publication [6] . Six restriction endonuclease sites (HindII 5'ε, HindIII G γ, HindIII A γ, HindII 5' Ψβ, HindII 3'Ψβ, and Hinf I 3'β) within the β globin gene cluster were studied to construct the haplotype linked with this mutation.
RESULTS
There were thirteen members in three generations of the Brahmin family (Fig. 1) . Sex, age, detailed hematological parameters, and different chromatographic values for the studied family members are summarized in Table 1 . Abnormal chromatographic values were observed in the proband, her mother, and her second maternal aunt. The other family members exhibited normal phenotypes. The high P 3 value and the retention time of approximately 1.84 min, indicated that these three individuals were carriers of the hemoglobin variant FanninLubbock. To confirm the type of Fannin-Lubbock mutation, ARMS-PCR and DNA sequencing using the above-mentioned sequencing primers of β-globin genes were performed. The PCR amplicon obtained after the ARMS-PCR was analyzed using 3% agarose gel electrophoresis. A representative gel photograph is shown in Fig. 2 . The DNA sequence of the β-globin gene from codon 111 to 119 for the heterozygous proband and her normal younger sister is depicted in Fig. 3 . Direct DNA sequencing revealed the presence of only one mutation in codon 119 (GGC > GAC), which has been indicated with an arrow in Fig. 3 . It also confirmed the result of the ARMS-PCR (Fig. 2) . Fig. 1 . The studied family had three carriers of the Fannin-Lubbock-I mutation. The molecular study demonstrated the mutation GGC > GAC in codon 119, which resulted in a change of glycine to aspartic acid, in a heterozygote state. The haplotype analysis at six restriction endonuclease sites within the β-globin gene cluster, namely, HindII 5'ε, HindIII G γ, HindIII A γ, HindII 5'ψβ, HindII 3'ψβ, and Hinf I 3'β, was performed with six alleles of three heterozygous FanninLubbock-I carriers (the proband, her mother and her aunt). Our results revealed that the haplotype associated with the Fannin-Lubbock-I mutation is (+ -+ -+ +). Fig. 2 . Ethidium bromide-stained 3% agarose gel photograph of PCR products with allelespecific primers for the detection of Fannin-Lubbock-I mutation coupled with a common primer and run along with internal control primers. Mutation-specific primers were used for lanes 1-3 and primers for normal alleles were used for lanes 5-7. The sizes of the internal control band and Fannin-Lubbock-I mutant/wild band are 500 bp and 159 bp, respectively. Lanes 1: negative control, lanes 2 & 6: non-template control, lanes 3 & 7: proband, and lane 4: 100 bp DNA ladder, Lane 5: positive control. Fig. 3 . The sequence analysis of PCR product (215 bp) covering the region from codon 111 to 119 located in exon 3 of the β-globin gene was performed using the forward primer as described in the Materials and Methods section, with an automated DNA sequencer (Model 377, Applied Biosystems). A -DNA isolated from the blood sample of the proband. B -DNA isolated from the proband's sister (normal control). The DNA sequence of the proband denotes the heterozygosity of the Hb Fannin-Lubbock-I mutation at codon 119 (GH2) Gly >Asp, which is indicated by an arrow.
DISCUSSION
Fannin-Lubbock-I is a rare and slightly unstable variant of hemoglobin, which has a substitution of glycine by aspartic acid at codon 119 of the β-globin gene (GGC > GAC). Since the substitution involves the α 1 β 1 contact area, it does not lead to any serious alterations in the functional properties of the β-globin gene [7] . The heterozygotes of Fannin-Lubbock-I mutation are characterized by normal clinical and hematological parameters and have a modest elevation in the P 3 value (36.6%). The HbA 2 and HbF values remain within the normal range. Individuals with this disorder exhibit milder or no clinical symptoms compared to individuals with other typical beta thalassemia mutations. Here, we characterized a Bengalee Hindu Barendra Brahmin family to which our proband, a 28-year-old female, belonged. Preliminary hematological screening (CBC and HPLC) revealed that she is a carrier of the Fannin-Lubbock hemoglobin variant. A detailed family study suggested that her mother and her second maternal aunt are also carriers of the abnormal hemoglobin variant. The carriers of the Fannin-Lubbock-I variant hemoglobin had higher P 3 values with a retention time of approximately 1.84 min, instead of the normal 1.70 min. In 2009, Ibarra et al. [8] reported the presence of Hb Fannin-Lubbock-I in a homozygous Mexican patient. Their study suggested that this is not a rare variant in the Mexican population. They have also showed that this mutation was associated with haplotype [-+ + -+] for the ε, The Hb Fannin-Lubbock-II is frequent in Spain, but only the Hb Fannin-Lubbock-I type has been observed in Mexico. This is the first report of Hb Fannin-Lubbock-I from West Bengal (a state in the eastern part of India) and from the entire Indian subcontinent. This suggests an independent origin for the two mutations irrespective of the location from where they had been reported. HbA 2 values were mostly considered for the detection of thalassemia in this population. This finding suggests that variation in P 3 value and its retention time have to be considered to identify rare mutations that are not common in the population.
